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The epithelial-to-mesenchymal transition (EMT), a key process in morphogenesis, is often driven by repres-
sing expression of adherens junction components, such as E-cadherin. In this issue of Developmental Cell,
Campbell et al. (2011) uncover an alternative mechanism in theDrosophila embryonic gut that promotes EMT
via Serpent, a GATA transcriptional repressor of the apicobasal polarity gene crumbs.The digestive tract is established during
gastrulation and, in higher vertebrates,
forms through the coordinated folding
of the endodermal epithelium and its
associated mesodermal layer. In other
metazoans, such as insects, the gut
primordium forms through invagination
of the anterior and posterior midgut in
endoderm-fated regions, which undergo
a partial EMT. Specifically, cells from
the posterior of the embryo undergo
a temporary EMT and migrate toward
the center, where they fuse with the ante-
rior midgut, returning to an epithelial state
and forming a continuous epithelial tube
connected to the foregut and hindgut
(Campbell et al., 2011). A new study
from Campbell and colleagues examines
the regulation of this temporary EMT.
Unlike previous examples, this EMT is
regulated by repressing the expression
of apical proteins by Serpent (Srp),
a GATA ortholog. Importantly, human
GATA factors can also induce an EMT in
mammalian cells, suggesting that this
pathway is evolutionarily conserved.
A mutation in Serpent (Srp) was origi-
nally shown to induce a homeotic trans-
formation of the posterior midgut (PMG)
into the hindgut. Campbell and col-
leagues now show that this Srp mutant
exhibits an EMT defect in the PMG.
During normal development, endoder-
mal cells undergo dramatic cell-shape
changes and engage in collective migra-
tion, which is triggered by the loss of
apical proteins: Crumbs (Crb), Stranded-
at-seconds (SAS), and Stardust (Sdt).
Two other polarity proteins, Bazooka
(Drosophila PAR3) and atypical PKC, are
also downregulated, together with junc-
tional dE-cadherin, during migration. InSrp mutants, none of these changes
occur. Srp is expressed at stage 5, 2 hr
before EMT begins at stage 10, consistent
with a role for Srp in EMT. By stage 12,
Srp expression diminishes, and this
decrease in expression is necessary for
the PMG to later regain an epithelial state.
EMT is known to be governed by tran-
scriptional repressors, such as Snail and
Zeb, targeting dE-cadherin (Thiery et al.,
2009). Surprisingly, dE-cadherin mRNA
expression is maintained throughout
Srp-induced EMT, which does not involve
Snail or Zeb orthologs. Instead, the
authors observe strong transcriptional
repression of the apical proteins Crb,
SAS, and Sdt, as well as Claudin ortho-
logs that contribute to septate (tight) junc-
tion formation (Figure 1). Crb and Claudin
orthologs are derepressed in the Srp
mutant, and the authors show that Srp
binds to the cis-regulatory module within
the first intron of Crb and represses its
transcription. Furthermore, Crbmutations
partially rescue EMT in the Srp mutant
background, confirming that Crb acts
downstream of Srp. Notably, Srp does
not repress Bazooka/Par3, Par6, or
aPKC genes transcriptionally, suggesting
an indirect mechanism of downregulation.
In summary, instead of a classical re-
pressor like Snail, Srp is required for
EMT in the Drosophila gut.
The authors also find this Srp/Crb-regu-
lated EMT in a mammalian cell line.
Specifically, GATA-4 and GATA-6, two
mammalian orthologs of Srp, induce
EMT in MDCK cells via their binding to
the first intron of Crb2. Furthermore,
GATA-6 induces actin cytoskeletal re-
modeling, lamellipodia formation, and
subsequent cell motility and invasion.Developmental Cell 21, DFinally, GATA-4 and GATA-6 do not
repress E-cadherin transcription, but
E-cadherin proteins do relocalize to the
cytoplasm.
The study by Campbell et al. thus re-
veals a new mechanism for EMT induc-
tion through the modulation of apicobasal
polarity complexes; loss of polarity in turn
destabilizes the intercellular adhesion
machinery. This mechanism may be
essential for epithelial plasticity, allowing
cells that have undergone a partial EMT
to participate in new morphogenetic pro-
cesses. An unresolved question is how
polarity complexes and actin cytoskeletal
dynamics permit collective cell move-
ments. During EMT, dE-cadherin-medi-
ated zonula adherens fragment into spot-
like adhesions connected to a stable pool
of actin, allowing migratory cells to main-
tain transient contacts while loosening
their tether toahighlydynamiccontractible
actin microfilament network (Cavey et al.,
2008). One possibility is that, inDrosophila
PMG, the repression of Crb by Srp alters
the equilibrium between apical PAR3 and
PAR6 complexes (Laprise and Tepass,
2011), which may in turn alter the actin
microfilament network associated with
the adherens junctions to induce their frag-
mentation. Another interesting regulator of
apicobasal polarity is the FERM protein
Yurt (DrosophilaEPB41L5). Yurt negatively
regulates Crb by binding to its cyto-
plasmic domain (Laprise and Tepass,
2011), and loss of Yurt mirrors Crb over-
expression, causing an expansion of the
apical membrane in embryonic epithelia.
Importantly, EPB41L5 gene deletion
causes a gastrulation phenotype involving
EMT failure in mouse embryos (Hirano
et al., 2008).ecember 13, 2011 ª2011 Elsevier Inc. 983
Figure 1. EMT in Drosophila PMG Cells
Left to right: sequence of events in time and space leading to epithelial mesenchymal transition (EMT) in the posterior midgut (PMG); stage 5 (first cell; left), stages
5–9 (second and third cells), stages 11 and 12 (fourth cell, migrating). Apicobasal polarity is maintained by asymmetrically distributed Crumb (Crb) and Scribble
complexes. The zonula adherens are connected to a stable network of actin microfilaments and to a dynamic actin cortical network. Serpent (Srp) silences Crb
transcription. The loss of Crb fragments the zonula adherens, redistributing spot junctions along the lateral sides of the cells. Srp downregulatesClaudin orthologs
at septate (tight) junctions. The PAR6/Smurf1 and DDR1/PAR complexes modulate actin cytoskeleton dynamics. The loss of Crb allows Yurt/p120ctn to desta-
bilize dE-cadherin and promotes integrin signaling. In MDCK cells, GATA-6 increases MMP-1, enhancing invasive behavior. Srp is not expressed in migratory
cells, which return to an epithelial state (MET) after stage 12 (not shown).
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permit collective cell migration can be
achieved by mechanisms already estab-
lished in mammalian cell line models. The
PAR complex associates with Discoidin
domain receptor 1 (DDR1) tyrosine kinase.
This receptor complex has been impli-
cated in collective cell migration by local-
izing RhoE at cell-cell contacts, where
it antagonizes ROCK-driven actomyosin
contractility (Hidalgo-Carcedo et al., 2011)
and remobilizes actinmicrofilaments at the
lamellipodium. Another mechanism that
also alters the actin cytoskeleton during
EMT involves RhoA ubiquitination. Some
Crb-associated proteins, such as Par6,
localize at tight junctions and interact with
TGFb receptors, leading to the degrada-
tion of RhoA via Smurf1 and inducing local
depolymerization of actin microfilaments
and destabilization of tight junctions
(Thiery et al., 2009).
GATA-6 has an interesting embryonic
expression pattern in mouse: it is first
expressed in the inner cell mass and
remarkably in the parietal endoderm,
where EMT first occurs in mouse embryo-
genesis (Koutsourakis et al., 1999), and
then later in the cardiac mesoderm and
in the gut. Mammalian gut formation in-
volves the folding of a continuous sheet of984 Developmental Cell 21, December 13, 20endoderm without an EMT. On the other
hand, a GATA-6-targeted knockout in the
heart leads to outflow tract phenotypes,
suggesting that the mutation affects
neural crest cells, which do undergo EMT
(Lepore et al., 2006). However, these
phenotypes may result from defects
occurring after the EMT process. Endo-
thelial-specific conditional knockout of
GATA-4 suggests a role in the endothe-
lial-to-mesenchymal transition (Rivera-
Feliciano et al., 2006). In addition, a
GATA family transcriptional repressor,
tricho-rhono-phalangeal syndrome type
1 (TRPS1) inhibits EMT through the direct
repression of Zeb2, an E-cadherin tran-
scriptional repressor (Stinson et al.,
2011). Thus, further investigation is war-
ranted to define the relevance of GATA
transcription factors in vertebrate EMT.
EMT is an important aspect of cancer
metastasis and cancer stem cell formation
(Thiery et al., 2009). In addition to targeting
Crb, Srp induces Forkhead expression to
ensure migratory cell survival. Moreover,
inMDCKcells,GATA6repressesclaudin-1,
claudin-7 and claudin-16 and induces
matrix metalloproteinase-1 (MMP-1), also
found in cancer EMT (Thiery et al., 2009).
Is this evolutionarily conserved EMT
machinery being co-opted for metastasis11 ª2011 Elsevier Inc.in cancer? Additional studies may reveal
new connections between EMT, tissue
repair, and invasion metastasis.
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